We investigate the high pressure phase of Bi under hydrostatic pressure using pump-probe spectroscopy at pressures up to 3.0 GPa, and we observe coherent phonons signal and relaxation signal of photo-excited carriers at Bi(II) and Bi(III) phases. The pressure dependence of the coherent phonons shows that the amplitude of coherent phonons is extremely small and the frequency of coherent phonons changes at high pressure phases.
Introduction
Bismuth is one of the most studied elements for unique electrical transport properties and applications. Various high pressure researches in Bi have been reported. Pressure effects on the electrical properties have been investigated with magnetoresistantce, Hall effect, and electrical conductivity [1, 2, 3] . Phase diagrams have been determined using differential thermal analysis by Klement et al. [4] . Crystal structures at high pressure phases have been measured using X-ray diffraction [5] , but the structure in Bi(III) phase has been unknown for the last few decades. Mcmahon and co-workers has revealed that Bi(III) phase takes unique "guest-host" structure in 2000 [6] .
The developments of laser technology enable us to generate and detect real-time lattice vibration and relaxation of photo-excited carriers. Coherently generated lattice vibration by pump-probe spectroscopy is called coherent phonons and they are observed in various semimetals and semiconductors. The coherent phonons and the photo-excited carriers relaxation in Bi have been reported in low temperature and high excitation regime [7, 8] .
However there is no report on those phenomena in high pressure region. The combination of high pressure and pump-probe spectroscopy constitutes a powerful method to investigate real-time variation of phonons and carrier dynamics superior to Raman spectroscopy in low frequency region.
In this report, we perform pump-probe spectroscopy in Bi single crystal under hydrostatic pressure up to 3.0 GPa, and we investigate the coherent phonons and the photo-exited carriers relaxation at high pressures. We observe that the amplitude of coherent phonons extremely decrease, and its frequency changes at high pressure phases. We determine that the frequencies of coherent phonons are 2.5 THz and 2.2 THz at Bi(II) and at Bi(III) high pressure phases. Furthermore, the photo-excited carrier relaxation changes drastically near 2.5 GPa. Fig. 4(b) . The peak frequency of the FT spectrum is 2.9 THz at atmospheric pressure, and it agrees well with the A 1g phonon frequency measured by the Raman spectroscopy [9] and time domain data [10] . As the pressure increases, the frequency of coherent phonons changes from 2.9 THz to 2.5 THz at 2.7 GPa. Then, the secondly frequency change is observed at 2.8 GPa, and the peak frequency is about 2.2 THz at this pressure. Bi transforms from rhombohedral to monoclinic Bi(II) at 2.5 GPa (at room temperature). Bi(III) phase appears at 2.8 GPa, and its structure takes unique guest-host structure [6] . Coherent phonons are affected by the change of the crystal structures, therefore, we consider that the frequency shifts are caused by the lattice potential change at structure phase transition. It is expected to occur phonon lifetime change, but we cannot observe the significant change of it. 
Experiment

Conclusions
We perform pump-probe spectroscopy in Bi under hydrostatic pressure. We observe coherent phonons and relaxation of photo-excited carriers in high pressure phases of Bi (II) and Bi(III). We observe the amplitude of coherent phonons is extremely small and the phonon frequency changes at high pressure phases. We determine that frequencies of coherent phonons are 2.5 THz and 2. Inside of the DAC is monitored by CCD camera while measuring. GPa. However, the amplitude of coherent phonons is extremely small and the photo-excited carriers relaxation is decaying to the negative direction at 2.6 GPa and 3.0 GPa. 
